International real estate markets and the ever increasing role of the U.S. economic and policy developments have played a central role both in international portfolio management as well as broader economic policy making. In this paper, we measure the extent of time-varying impact of the U.S. monetary policy and macroeconomic news on the international Real Estate Investment Trusts (REITs) stock returns. Results suggest that there has been significant variation both across time and across countries in the impact of U.S. news on the global REIT stocks. Further, the country's stock market capitalization to GDP ratio has strong connections with the time-varying nature of the impact of the U.S. news on the global REIT stock returns.
Introduction
expectations (Kishor and Marfatia 2013) . The main presumption behind using the futures price is that all the future expectations about interest rates would be embedded in the futures price at the current point in time (as with macroeconomic news discussed above), and any change in the futures rate post-FOMC meeting is because the announced rate change (or no change) was unexpected before the FOMC meeting, thus leading to an impact on the returns on financial assets, like that of REITs.
In light of the above reasons, it is not surprising that there exists a huge international literature that has looked at the impact of domestic as well as U.S. monetary policy and macroeconomic news surprises on bonds, commodity, currency and equity markets (see, for example, Kishor and Marfatia (2013) ; Cakan et al. (2015) ; Caporale et al. (2016) ; Scotti (2016) for detailed literature reviews in this regard). Surprisingly, the analysis on REIT markets, in spite of their growing worldwide importance has been limited primarily to the U.S. and also only to monetary policy surprises, as observed in the works of Bredin et al. (2007 Bredin et al. ( , 2011 and Claus et al. (2014) . While Xu and Yang (2011) and Claus et al. (2014) are the only studies to have shown the significant impact of U.S. monetary policy surprises on international REIT markets; Kroencke et al. (2016) looked at the role of U.S. and U.K. macroeconomic news surprises in affecting REIT returns in these two countries.
The above-mentioned studies on the high-frequency response of REIT returns to monetary and macroeconomic news surprises use a fixed-coefficient approach, though Kroencke et al. (2016) does look at some pre-determined sub-samples. The underlying assumption is that the response of REIT returns to shocks remains unchanged over time. This is in contrast to the anecdotal and formal evidence which suggests that the response of financial market returns varies over time (Bekaert and Harvey 1995; Campbell et al. 1997; Bernanke and Kuttner 2005; Andersen et al. 2007; Kishor and Marfatia 2013) . Moreover, studies find that factors that explain the movements REIT market differs greatly in the turbulent times as compared to normal periods (Ghysels et al. 2013; Akinsomi et al. 2016a ). These factors, like uncertainty, are dynamic in nature. Hence, if the factors that explain REIT dynamics are not constant over time then using the fixed-coefficient model to assess the response of REITs would be inappropriate.
Against this backdrop, we for the first-time contribute to the existing literature by taking into account the possible time-variation in the behavior of domestic and foreign REIT markets due to the U.S. surprise shocks. We analyze the monetary policy surprise of the Federal Reserve (Fed) as well as U.S. inflation and unemployment surprises. In the process of analyzing the importance of monetary and macroeconomic news surprise, we also add to the literature on drivers of the REIT market.
3 As in the pioneering work of Cooley and Prescott (1976) , the time-variation is modeled as a driftless random walk and is estimated using maximum likelihood via the Kalman filter. We consider this approach as an appealing and flexible way of uncovering changes in the responsiveness of REIT 3 See, for example, Ghysels et al. (2013) and Akinsomi et al. (2016a) for detailed reviews in this regard.
returns to U.S. macroeconomic news and monetary policy shocks. Our time-varying approach is important since it allows us to detect periods in which the U.S. and international REIT markets are less sensitive towards monetary and macroeconomic news. This would provide insights in the periods where the fundamental factors associated with the U.S. economy are less important for pricing, possibly suggesting that the behavioral variables could be playing a role in pricing REITs.
Previewing our results, we observe that the impact of U.S. monetary policy and economic surprises on the global REIT markets has not been constant over time. There is evidence of significant structural breaks in the impact of all the measures of surprise with a more pronounced impact in the 2000s as compared to the periods prior to that. This is particularly true in case of inflation surprises impacting global REIT stocks. Furthermore, there is convincing evidence which suggests that the response of global REIT to U.S. shocks varies significantly both across time as well as across countries. In the case of Australia and Canada, we find that the Feds policy actions are increasingly watched by the real estate markets in these two countries. The impact of an unexpected increase in the inflation rates in the U.S. on global REITs is largely negative, except in the case of Netherlands and New Zealand. Also, the time-varying response pattern of REIT stocks in Belgium, France, and
Netherlands to the U.S. unemployment surprises is wider than the response in other parts of the world.
The remainder of the paper is organized as follows: Section 2 presents a brief review of the related literature. Section 3 lays out the basics of the time-varying methodology and the data used.
Section 4 discusses the results and finally and Section 5 concludes.
Literature Review
Macroeconomic news announcements are among the most important risk factors for financial markets because the state of the economy is a major candidate for such a source of non-diversifiable risk. The cause of stock market fluctuations have been studied by researchers (Chen et al. 1986; Campbell and Shiller 1988; Fama and French 1988) . For example, Ederington and Lee (1993) find a significant effect of regularly scheduled US macroeconomic announcements on the volatility of the US treasury and foreign exchange futures.
There are many examples of empirical evidence in support of the non-domestic macroeconomic news affect the domestic financial markets. Examining the reaction of asset prices to macroeconomic announcements in Hungary, Czech Republic and Poland using intraday data, Hanousek et al. (2009) find that Czech stock market is impacted more by the U.S. macroeconomic announcements than by EU macroeconomic announcements. More, the existing international literature that has looked at the impact of domestic as well as U.S. monetary policy and macroeconomic news surprises on bonds, commodity, currency and equity markets (see, for example, Kishor and Marfatia (2013); Cakan et al. (2015) ; Caporale et al. (2016); Scotti (2016) for detailed literature reviews in this regard).
The effect of macroeconomic news on developed economies, especially the U.S. on REITs are not well studied. As the first author to attempt to examine the U.S. REITs response to macroeconomic news, Bredin et al. (2011) 
Methodology and Data

Methodology
This section presents the method of computing monetary policy and macroeconomic surprises, and how these surprises impact the REIT stock returns.
Monetary Policy and Macroeconomic Surprises
In order to uncover the impact of U.S. policy and economic surprises on the REITs across the world, it is important to first measure the extent of surprises. This is important because financial markets react only to the news component of the announcements. In other words, any expected changes of the announcements/releases would have no impact on the global REIT stock returns, and only the unexpected surprises would move the markets. To measure the Federal Reserves' policy surprises, we adopt the widely used methodology proposed by Kuttner (2001) . This method takes the information contained in the Fed funds futures market to extract in the monetary policy shocks. The Fed funds futures rate is found to be an unbiased predictor of the future policy actions by the Federal Reserve (Krueger and Kuttner 1996; Gürkaynak et al. 2012 ). In particular,
where, mpsurp u τ is the monetary policy surprise, m s is the number of days in the month s, f 0 s,τ is the current month futures rate on day τ of the month s and f 0 s,τ −1 is the current month futures rate on day τ − 1. All other adjustments particularly related to the end of the month effects are made in accordance with Kuttner (2001) . One of the key advantages of such a measure to gauge policy surprises is that it is free of model selection and the generated regressors problem. Among the variety of market-based measures of monetary policy expectations, the Fed funds futures rate is found to dominate all other instruments in predicting the future path of monetary policy at horizons out over several months (Gürkaynak et al. 2012) . 4 Since these surprises are extracted from financial futures market they provide a far superior measure of market expectations of future policy actions. Several papers discuss the merits of this widely used measure of monetary policy surprises (Kuttner 2001; Bernanke and Kuttner 2005; Hausman and Wongswan 2011) . In this paper, we follow the literature and use the most liquid spot-month contracts for the purpose of extracting out the monetary policy surprises at each FOMC meeting.
In order to compute the macroeconomic surprise emerging out of inflation and unemployment announcements, we again use the information contained in the financial markets, i.e., the market expectations of the announcement at that date. The market expectations of the announcements are measured by Bloomberg forecasts. Let F i denote the median value of the forecast of the variable i derived from the Bloomberg forecast survey and A i the released value of announcement i, namely, inflation rate and unemployment rate. We measure the surprise in announcement i as: standardize the surprises by dividing them by their standard deviation across all observations. The standardized measure of the surprises can, therefore, be expressed as
where E i represents the mpsurp derived in equation 1 and macrosurp i computed in equation 2.
The time-varying parameter model
Given the anecdotal and formal evidence which suggests the possibility of substantial insatiability in the response of financial market returns over time (Bekaert and Harvey 1995; Campbell et al. 1997 ; R t = X t θ t + e t where, e t ∼ N (0, σ e ) (4a)
Here, R t represents the REIT stock returns, X t is a vector of exogenous variables which includes a constant (c) and one of the surprises (surp), 5 and θ t is a vector capturing the corresponding unobserved time-varying parameters (α t and β t ) of the model. Our parameter of interest is the coefficient β t which captures the time-varying impact of U.S. news announcements on REIT stock returns.
The next step is to specify the transition equation of the state-space system. Following the pioneering work of Cooley and Prescott (1976) the time variation is modeled as a driftless random walk process. This allows for the impact of the news to evolve gradually over time. The transition equation and its state-space form are then represented as follows:
where, Q represents the variance-covariance matrix of two uncorrelated disturbance terms v 1t and v 2t . This transition equation describes the time dynamics of the unobserved state vector θ t which contains the time-varying parameters (α t and β t ). The Kalman filter is applied to the above statespace model and the parameters are estimated using maximum likelihood.
Modeling Approach
The impact of the economic and policy surprise on the REIT stocks across time is analyzed within the event study approach. Researchers have often adopted the event study methodology using high-frequency data in order to control for the problem of endogeneity and the possible problems due to the joint response of the economic shocks and the stock markets to new information (Bernanke and Kuttner 2005) . Following the popular conventional Cook and Hahn (1989) Alternatively, Ooi et al. (2011) have used a wider window of more than one day to evaluate the wealth effects of property acquisition announcements on the REITs in Singapore and Japan.
However, we chose the one-day window because it is more likely to address endogenity problem, reduces the risks of contaminating the effects of other events in a wider widow, the advanced nature of financial markets, and the forward-looking nature of announcements evaluated. Moreover, as a robustness check, we also use a 3-day average return window and find not qualitative change in the main results of the paper.
6
Due to the difference in the time zones and the closing time of stock markets across countries, it is important to carefully align the dates to study the impact of the event. In the case of European and Asia Pacific markets, we take the REIT returns of the following day of the corresponding announcement dates. However, the impact on REIT returns on the REITs in the U.S. and Canada occurs on the same day. Hence, in these cases, we take the announcements dates as the event dates to measure the impact on REIT stock returns.
Data
We have announcements of the U.S. macroeconomic variables from Jan 11, 1994 to 
Results
Fixed Coefficient and Structural Break
The OLS estimates for the full sample are presented in the table 2 columns 2-3. The evidence from the full sample estimate shows that the shocks from the U.S. do not statistically impact the REITs across the world. These estimates raise a very fundamental question. Is it the case that the U.S.
news do not impact global markets or is it the case that there are hidden dynamics involved in the impact of the U.S. news which is not revealed by a simple OLS? To put this differently, does the impact of the U.S. policy and economic shocks across the global REITs remain constant across time as the fixed coefficient OLS framework assume? Most likely no. There is convincing anecdotal as well as formal evidence which suggests the shocks that emerge from the U.S. impact the global REITs (Yunus 2009; Xu and Yang 2011; Liu et al. 2012; Lu et al. 2013) . Also, the pace of integration of the global markets is one of the lead factors that drive the impact of the U.S. shocks on the global markets. Moreover, Bekaert and Harvey (1995) show that there is a significant time variation in the world market integration. In light of these evidence it would be incorrect to conclude that the U.S.
shocks do not impact global REITs, rather it is most likely that the impact is not constant across time.
The literature suggests several methods to model the time-varying impact of a variable. To begin with, we adopt the most basic and preliminary test of structural break suggested by Bai and Perron (2003) . Table 2 in the inflation news holds a greater potential to move the global REIT stocks as compared to the unexpected movements in the U.S. unemployment rates. The intuition for the relatively high importance of inflation surprises is because REITs are known to be sensitive to inflation (Ghysels et al. 2012; Akinsomi et al. 2016a ). However, it could also be suggesting the impact of unemployment and monetary policy in the future. With forward-looking agents, this could lead to a bigger impact on the markets than the other two shocks. Evidence also suggests that the impact of inflation surprises on the global REIT stocks has been mixed. This is consistent with Chang (2017) , where it is found that REIT index inflation-hedging ability is not fixed over time.
Comparing the two sample periods in panel B, we also find that the break dates are mostly around the time of the recent financial crisis. This reflects the changing relationships between inflation shocks and REIT returns due to the severity of the crisis. This is true not just in the U.S.
but across the global REIT stocks. We find that majority of global real estate markets are affected by the inflation surprises in the U.S.. In case of the U.S., the impact of inflation surprise on the U.S.
REIT is found to be nearly three times stronger in the post-crisis period as compared to the period 
TVP Model
Figure 1 reveals the time-varying impact of the U.S. monetary policy surprises on the global REITs.
The time-varying impact in each plot is presented by a solid line and is measured on the left scale.
Also, the dotted line measured on the right scale captures the market capitalization to GDP ratio which likely explains that time variation and is discussed in the next section.
Clearly, the impact of an unexpected change in the Fed's policy rate has a significant timevarying impact (solid line) on the REIT stocks across the world. This is particularly true in the case of Australia, Canada, and New Zealand. Both in Australia and Canada, we find that the Fed's policy actions are increasingly watched by the real estate markets in these two countries. Notice that the is that there is increased interconnectedness of the global real and financial economy (Yilmaz 2010; Yilmaz 2013, 2015) , but these interconnections has weakened due to the slowing down of investment in the real estate sector in the aftermath of global financial crisis (Akinsomi et al. 2016a ).
Overall, we find that there is a significant variation across time in the impact of U.S. macroeconomic and monetary policy surprises on global REIT returns. The time-variations reveal the importance of significant structural changes witnessed in the global economic environment in the last three decades. Evidence also suggests that a bad macroeconomic and monetary policy news could result in either increase or decrease in REIT returns of the global economy. The innovative approach of the paper is able to bring forth the interesting interplay of the international portfolio reshuffling effects on one hand and the effects of U.S. dominance in the international financial markets.
What Explains the Time-Varying Impact?
The natural issue that emerges from these findings is that to what extent are these time variations explained by the relative size of the stock market? This question is important because if the stock market of the country has deep penetration into the economy, then it is likely to be very well developed and more integrated with the international economy. Consequently, in these cases the REIT stock returns are more likely to be affected by the international financial market conditions.
Since the U.S. is at the center of the international financial system, it would be interesting to explore the extent to which the time-varying patterns are connected with stock market penetration of the country. At the same time, it is possible to contemplate that the nature of movement in REITs due to the U.S. shocks has implications on the international portfolio reshuffling, and consequently on the stock market capitalization of the country. In either scenarios, it would be interesting to explore the possible connections of country's stock market penetration and its REIT's time-varying response patterns to the U.S. shocks.
To measure the relative role of the stock markets in the economy, we use the stock market capitalization to GDP ratio. The data for the stock market capitalization to GDP ratio is obtained from the world bank database. The stock market capitalization to GDP ratio is presented as a dotted line (measured on the right scale) in each of the plots that present the time-varying effects of the U.S. news shocks on the global REITs. This will better reflect the connections, if any, between the extent of stock market penetration and the time-varying response of REIT stock returns.
We gain following insights from assessing the connections between the time-varying impact of the U.S. monetary policy surprise and stock market capitalization ratio ( fig. 1a-1h ). Broadly, we find that the time-varying impact can be explained by the market capitalization ratio. This is relatively In figures 3a-3h, we study the connections between market capitalization and the REIT response patterns to U.S. economic conditions as measured by the unemployment rate. Here again, we find that the capitalization ratio closely explains the time-varying response of REITs to the U.S. unemployment news. This is particularly pronounced in the case of Belgium ( fig. 3b) , Netherlands ( fig. 3f) , and the U.S. (fig. 3h ). It is also interesting to find that in many cases the market capitaliza- tion ratio changes in a particular direction and this is followed by similar response pattern amongst REIT returns in the subsequent periods. This suggests that there is both lead and lag relationship of the capitalization ratio. In other words, a slowdown in the stock market of a particular country relative to its economic growth is in some sense a harbinger of the sensitivity of REIT stock returns to the U.S. economic situation, that is, unexpected movements in the U.S. unemployment rate.
Another way to understand the time-varying patterns is to look at the cross-sectional behavior of the responses. Table 3 presents a simple correlation coefficient between the time-varying responses across the countries. This will provide us insights into the extent to which the impact on the REITs across the globe is connected. Evidence from panel A of Table 3 The correlation between the U.S. and Canada's response to monetary policy shocks is 0.02, whereas the correlation of time-varying response to inflation and unemployment shocks is 0.66 and 0.75, respectively. Overall, the impact pattern of the Fed's announcements is largely correlated in the international real estate markets. However, the response to inflation and unemployment news is relatively more unique.
Conclusion
This paper uses a flexible time-varying parameter model to unveil the dynamic impact of the U.S.
monetary policy and economic developments on the international REIT stocks. The evidence clearly suggests that there are significant structural changes in the way the U.S. developments impact international real estate markets. In particular, there is wide variation across time in the response of the REIT stocks to the unexpected movement in the U.S. monetary policy, inflation, and employment conditions. In the case of the Fed's policy shocks, the impact on the international REITs is driven by the signaling effect as well as through the classic asset price channel of the monetary policy transmission of shocks. The adopted framework precisely traces the relative role of these two channels over time. In the case of the unexpected movements in the U.S. inflationary conditions, evidence suggests that the inflation-hedging ability of REIT index is not constant across time. We also find wide time variation in the response of REIT stock to unexpected changes in the U.S. employment conditions. Further, there is strong evidence of connections between the extent of stock market penetration in the economy and the time-varying response patterns of the international REIT stocks.
